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ULTRA HIGH-SPEED DDP-SRAM CACHE 

BACKGROUND OF THE INVENTION 

1, Field of the Invention 

The present invention relates generally to an ultra high-speed DDP- 
SRAM (Dual Dual-Port Static Random Access Memory) cache, and more particularly 
pertains to an ultra high-speed DDP-SRAM cache having a cache speed in 
approximately the GHz range. This is accomplished by (1) a specially designed dual- 
port SRAM whose size is slightly larger than that of a conventional single port 
SRAM, and (2) the use of a dual dual-port SRAM architecture which doubles its speed 
by interleaved read and write operations. 

2. Discussion of the Prior Art 

In general, SRAM (Static Random Access Memory) memory has a 
higher speed than DRAM (Dynamic Random Access Memory), however it's size is 
much larger. A conventional SRAM cell consists of six-transistors, two nMOS 
transistors as transfer devices, two pull-up pMOS transistors, and two pull-down 
nMOS transistors. The complementary data bits which are stored in a SRAM cell are 
latched by a pair of back-to-back inverters. Therefore, these data do not needed to be 
refreshed. 

On the other hand, data that is stored in a one transistor, one capacitor 
DRAM cell gets degraded over a period of time due to charge leakage. Therefore, for 
any high-speed operation, especially when the required memory density is low, SRAM 
memory is always the memory of choice. 

As the speed of microprocessors has increased over time, the speed gap 
between microprocessors and SRAM cache memories has also widened. Many GHz 
processors have been announced recently, but the speed of the SRAM cache is still in 
the range of 400 MHz. 



YOR920000587 USl 



A four-T (transistor) single-port SRAM cell has been reported by NEC, 
titled "A 2.9 um2 Embedded SRAM Cell with Co-Salicide Direct-Strap Technology 
for 0.18 urn High Performance CMOS Logic", lEDM 97, p847, 1997. This single-port 
SRAM cell shares the transfer gates with the pull-up devices and therefore eliminates 
two devices per cell. This approach has significantly reduced the cell size, and surely 
is a very attractive design for a high-density integration. Since the pull-up and the 
transfer devices in NEC's cell are pMOS devices, for the unselected wordlines, the 
wordline voltage and all the bitline voltages are held high. The nodes are isolated 
since the pMOS devices are turned off However, the leakage charge from the internal 
high node is constantly replenished by the off-state current flowing through the pMOS 
pull-up devices. There are two drawbacks with this design, (1) the cell size is not 
minimal, since the is a minimal ground rule specified between p-well and n-well for 
placing mixed pMOS and nMOS devices in a cell. (2) read/write disturb on the non- 
selected cell is an issue, since their bitlines are not constantly held high when the array 
is active. 

SUMMARY OF THE INVENTION 

Accordingly, it is a primary object of the present invention to provide 
an ultra high-speed DDP-SRAM (Dual Dual-Port Static Random Access Memory) 
cache. 

A first object of the present invention is to boost SRAM cache speed by 
at least 2X. A second object of the subject invention is the design of a new dual-port 
SRAM cell, whose size is slightly larger (less than 25% larger) than the existing 
single-port SRAM cache. 

A further object of the subject invention is to boost the cache speed to 
approximately the GHz range. This is accomplished by (1) a specially designed dual- 
port SRAM whose size is slightly larger than that of a conventional single port 
SRAM, and (2) the use of a dual dual-port SRAM architecture which doubles its speed 
by interleaved read and write operations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing objects and advantages of the present invention for an 
ultra high-speed DDP-SRAM cache may be more readily understood by one skilled in 
the art with reference being had to the following detailed description of several 
preferred embodiments thereof, taken in conjunction with the accompanying drawings 
wherein like elements are designated by identical reference numerals throughout the 
several views, and which: 

Figure 1 A illustrates a first embodiment of the present invention which 
provides a 6-T (transistor) all nMOS dual-port SRAM cell. 

Fig. IB illustrates a second embodiment of the present invention, and is 
a cell schematic of a new dual port 7T-SRAM cell which has only one port for write, 
and both ports for read. 

Fig. 1 C illustrates an area comparison between the prior art 6T single 
port SRAM and the 7T dual-port SRAM of the present invention. ^ 

Fig. 2 illustrates an interleaved write operation for a dual port SRAM 
wherein the first data is written into the first array RAM-A in a first write operation 
Wl, and after Yi cycle the second data is written into the second array RAM-B in a 
second write operation W2. 

Fig. 3 illustrates an interleaved read operation for a dual port SRAM 
wherein either the first port or second port can be used for row accessing. 

DETAILED DESCRIPTION OF THE DRAWINGS 

First Embodiment 

To overcome the drawbacks of the prior art, Figure 1 A illustrates a first 
embodiment of the present invenfion which provides a 6-T (transistor) all nMOS dual- 
port SRAM cell. As shown in Fig. 1 A, the schematic of the cell comprises two pull- 
down nMOS devices, Nl and N2. Their sources are connected to ground, and each of 
the drains is connected to the sources of two transfer devices N3, N5 and(N4^N6. 
Each gate is cross-couple linked to the other device's drain, A first pair of transfer 
nMOS devices N5 and N6 allow the internal nodesjvl to be accessed by the first pair of 
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the bit-lines^Bl and BBL^ A second pair of nMOS devices N3 and N4 allow the same 
internal nodes to be accessed by the second pair of bitlines^2 and BB^ A first 
wordline Wl is connected to the gates of the first pair nMOS transfer devices N5, N6. 
A second wordline W2 is connected to the gates of the second pair nMOS transfer 
5 devices N3, N4. 

When the cell is not selected, both wordlines Wl and W2 are held 
"low" to turn off the nMOS devices N3, N4, N5 and N6. The off-state current serves 
to replenish the charge stored in the storage nodes N. Since the pull-up devices N3, 
N4, N5, N6 are off, the channel resistance is in the range of M-ohm range, and 
1 0 therefore DC current is not a problem. At any one moment, only one wordline in a 
row is activated. Therefore, for the selected cells, there will always be a pair of pull- 

0 up devices to provide a constant load to the cells. As a result, the cells are more stable 
C0 and less likely to be disturbed when compared to the 4-T single-port counterpart. 

Jjj Since all six devices used in the cell are nMOS transistors, they can be packed much 

'^4 15 denser than cells consisting of mixed nMOS and pMOS transistors. For a 

id conventional dual-port SRAM, the array size is about 2.5X to 3X larger than that of 

the single-port SRAM. However, the dual-port SRAM cell of Fig. 1 can be 25% 
^3 smaller than a 6-transistor single port SRAM. In general, the SRAM cell is limited by 

1 f] the device size, not by the wiring pitch. 

U 20 Second Embodiment 

A dual port DRAM used for some high-speed applications may not 
necessarily need to have a dual port with each port having both read and write 
capabilities. For example, one high-speed proposal requires only one port for write, 
and both ports for read. 
25 Fig. 1 B illustrates a second embodiment of the present invention, and is 

a cell schematic of a new dual port 7T-SRAM cell which has only one port for write, 
and both ports for read. In this design, the majority of components are identical to the 
prior art. These components are; two pMOS devices PI and P2 used as the pull-up 
load, two nMOS devices Nl and N2 used as the pull-down drivers, and two nMOS 
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transfer devices N3 and N4 used for accessing the internal nodes of the SRAM. A pair 
of bitlines Bl and BBl are connected to the drain sides of the transfer devices N3 and 
N4. A readable and writeable wordline RW-WL is connected to the gates of the 
transfer devices N3 and N4. 

The unique part of this cell is one extra pMOS transfer device P3 and 
one read-only wordline R-WL and one extra bitline B2 for accessing the second port. 
Compared to a conventional 8T SRAM, there is a significant area saving because of 
the elimination of one transistor and one bit-line which are not needed. The cell area 
of the conventional 8T dual port SRAM is about 2.5X larger than that of the single- 
port 6T SRAM. In this design as shown in Fig. IC, the area overhead for the 7T dual 
port SRAM of the present invention is only 25% more than the 6T single port SRAM, 
This makes the array size of the dual-port SRAM very attractive. The 7T dual port 
SRAM has exacdy the same stability, speed and power consumption as those of the 6T 
single port SRAM. 

The dual-port SRAM can be accessed from the RW-WL (Read and 
Write Line) to write data into the array. The stored data can then be read out via either 
the Read only (R-WL) port or the read-write (RW-WL) port. Since the access gate for 
the read-only port is made of pMOS, the selected wordline must be pulled down from 
high to low, while the selected read-write port is pulled up from low to high. 

The access device for the read-only port is made of pMOS is to save 
cell size. Since there is a minimum ground rule between N-well and P-well, it is 
easier to lay out the cell if the number of pMOS devices is equivalent to the mmiber of 
nMOS devices. Since pMOS devices in general are larger than their nMOS 
counterparts, to minimize the SRAM cell size, the nMOS and pMOS sizes are 
balanced. The combination of four nMOS and three pMOS devices in the dual-port 
SRAM satisfies the goal. 

^ig. IC^llustrates an area comparison between the prior art 6T single 
port SRAM and the 7T dual-port SRAM of the present invention. 
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The cell size comparison is summarized in the following table based on 



IBM 8SF technology ground-rule. 



Type of SRAM Cell 


Cell Size (um^) 


Ratio Overhead Against 
Conventional (^/a) 


Conventional 6T, Single 
Port 


2.47 


0% 


NEC 4-T, Single Port 


1.68 


-32% 


First Embodiment 6-T 
Dual Port 


2.70 


9.3% 


Second Embodiment 7-T, 
Dual Port 


2.88 


16.6% 


Conventional 8-T Dual 
Port 


6.18 


150% 



By using a dual dual-port (Or DDP) SRAM architecture, the SRAM 
performance can be boosted by at least by 2X. A memory array RAM- A, RAM-B 
performs consecutive write operations Wl, W2, etc. in an interleaved manner. For 
example, in the beginning of the write cycle the first data is written into the first array 
RAM- A in a first write operation Wl, and after Vi cycle, the second data is written into 
the second array in a second write operation W2, as shown in Fig. 2. Externally, the 
dual memory array is viewed as one memory. A TAG memory keeps track of the 
valid word lines which have stored data in the first and second memories of the array. 
When the cache receives a first row address Al, it will place the data Dl into the 
memory of the array which is available at that moment. Normally, one array memory 
is busy, and the other array memory is not. After V2 cycle, the cache receives a second 
row address A2 and writes the data D2 into the other array memory at that row. This 
interleaved writing can achieve 2X of memory speed, (or cycle time). 

The advantage of using two dual-port arrays is that once the data is 
written into the memory, the data can be accessed firom either port. For example, data 
that is written into the first array RAM-A in a first wordline Wl can be accessed from 
either the left or right port of the array for a read operation. In order not to disturb the 
unselected cells, in each cycle only one wordline of the dual-port array is activated. 
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For each new write operation, the address is checked with the addresses 
stored in a small TAG memory to find out where the stored data of that wordline is 
located, in RAM- A or KAM-B. If it is in RAM-A, and RAM-A is free, then the old 
data is written over by the new data, and the data of that wordline is marked "valid". 
However, if RAM-A is not available, than the new data is written to the other array 
memory RAM-B, and the valid data in the TAG address is updated so that the CPU 
knows where the latest data is stored. 

Each read operation can be through either port of the RAM. Therefore, 
within all Y2 cycle, almost all wordlines in both arrays can be accessed for a read 
operation. During each read, since the bit- lines drop to almost 100 mV, a disturb due 
to two wordline activations through different ports is not a concern. As shown in the 
example of Fig. 3, a first wordline Rl is selected for a read in RAM-A, and therefore 
either the first port or second port can be used for row accessing. After '/a cycle, a 
second wordline R2 residing in RAM-B is activated for a read, so the first port is used 
for the row access. After the next V2 cycle, a third wordline in the same array RAM-B 
is accessed, and then the second port must be used for read R3'. Similarly, R4 also 
occiirs in the V2 cycle to the first port, while R5' and R6 are located in the same array 
RAM-A via two different ports. In summary, interleaved read or write operations can 
boost the cycle time to about 1 ns, so that the SRAM will appear to operate at IGHz. 

While several embodiments and variations of the present invention for 
an ultra high-speed DDP-SRAM cache are described in detail herein, it should be 
apparent that the disclosure and teachings of the present invention will suggest many 
alternative designs to those skilled in the art. 
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